Overall Strength of Body of Literature
The overall body of evidence with respect to each clinical question was determined based on precepts outlined by the Grades of Recommendation Assessment, Development, and Evaluation (GRADE) Working Group (Atkins, see printed article for reference) and recommendations made by the Agency for Healthcare Research and Quality (AHRQ). (West, see printed article for reference.) Risk of bias was evaluated during the individual study evaluation described above in the section "Study Quality." After individual article review, the initial (baseline) strength was rated as "HIGH" for each individual key question and outcome if the majority of the articles were level I or II. It was rated as "LOW" if the majority were level III or lower. We downgraded the body of evidence one or two levels based on the following criteria: (1) inconsistency of results, (2) indirectness of evidence, (3) imprecision of the effect estimates (e.g., wide confidence intervals), or (4) non-a priori statement of subgroup analyses. Single study evidence bases were judged "consistency unknown (single study)" and downgraded. We upgraded the body of evidence one or two levels based on the following criteria: (1) large magnitude of effect or (2) dose-response gradient. The final overall strength of the body of literature expresses our confidence in the estimate of effect and the impact that further research may have on the results. An overall strength of "HIGH" means we have high confidence that the evidence reflects the true effect. Further research is very unlikely to change our confidence in the estimate of effect. The overall strength of "MODERATE" means we have moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of effect and may change the estimate. A grade of "LOW" means we have low confidence that the evidence reflects the true effect. Further research is likely to change the confidence in the estimate of effect and likely to change the estimate. Finally, a grade of "INSUFFICIENT" means that evidence either is unavailable or does not permit a conclusion.
Expanded Study Rationale and Discussion
Study Rationale A significant proportion of patients afflicted with ankylosing spondylitis (AS) may suffer from debilitating, progressive kyphosis of the thoracolumbar spine [1] [2] [3] [4] [5] [6] [7] ; however, these patients do not commonly require operative intervention for this particular problem. Nevertheless, despite improving medical therapies, 8, 9 and conservative treatment modalities, there still exist specific indications for surgical correction of thoracolumbar kyphotic deformities (TLKD) in this patient population. Indications for surgical correction include loss of balance secondary to sagittal deformity, inability to look straight ahead at the horizon, and compression of thoracic and/or abdominal viscera.
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With regard to surgical options when indicated by the clinical scenario, two techniques are well described in the literature: the opening wedge osteotomy (OWO) or a modified Smith-Petersen osteotomy, and the closing wedge osteotomy (CWO) or pedicle subtraction osteotomy.
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Despite the fact that both of these surgical techniques have been well described in the literature as treatment options for TLKDs in AS, there is a dearth of research comparing the two. The aim of this study is to seek out and assess the best quality evidence available comparing OWOs and CWOs to determine if their results differ with regard to several different subjective and objective outcome measures.
Discussion
Ankylosing spondylitis, one of the seronegative spondyloarthropathies, commonly results in a variety of clinical sequelae, which present along a spectrum of severities. These sequelae, which include TLKDs, can result in significant morbidity to the patient, and a substantial cost to society. Concerning TLKDs, the two best-described methods of surgical correction are the OWO or Smith-Petersen osteotomy and the CWO or pedicle subtraction osteotomy.
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In theory, it is likely that one of the two aforementioned methods of correcting TLKDs may produce superior results in this patient population. Our study sought to demonstrate improved outcomes in one of the two techniques; overall, however, the results of this systematic review demonstrate non-superiority of one technique over the other when comparing CWOs and OWOs. That being said, given the degree of dissimilarity between the two techniques, it follows logically that there may, nonetheless, be a difference in outcomes between the two procedures. However, this difference could not adequately be measured as a result of the limitations of this study, which include the small sample sizes of the studies involved, heterogeneity of study methodologies, low level of evidence of the studies included, and confounding factors associated with treatments administered to patients.
Small Sample Sizes
In assimilating the data, we examined the relationship between the surgical technique and both subjective and objective outcomes in a total of 220 patients, 114 having undergone OWO and 106 having undergone CWO. Because the outcomes in question were approximately equivalent as measured by our results, it may be inferred that although one procedure may produce superior results, more data are required to establish this difference at a statistically significant level.
Heterogeneity of Outcome Measures and Follow-Up Periods
There are a variety of methods by which radiographic outcomes may be measured, which made comparison of the amount of correction at the time of surgery, as well as at follow-up impossible using statistical methods. As radiographic outcome measures, Arun et al 16 
Low Level of Evidence in Included Studies
As a result of the highly specific inclusion criteria, this systematic review was limited to four articles, all of which had a retrospective study design. This could result in hindsight bias, and theoretically alter relationships between a given surgical technique and its subsequent outcomes.
Predetermined Patient Characteristics Altering Choice of Surgical Technique
None of the studies included in our systematic review employed randomization of patients to either the OWO or CWO group. On the contrary, in certain circumstances patients were carefully selected for a particular surgical procedure. Zhu, Chang and Arun mentioned that patients with radiographic evidence of calcific aortic atherosclerosis were purposely selected for CWO, as OWO has been associated with vascular injury in the literature. 1, 16, [20] [21] [22] [23] [24] [25] [26] [27] Although there are claims that OWOs may be associated with higher complication rates, this point appears to be the subject of controversy, 20,28-30 particularly for osteotomies below the level of L3. 15, 16, 31, 32 Nevertheless, many practitioners remain hesitant to perform OWOs in select patients. This selection bias could confound the data with regard to complications of the OWO in the population at large.
Confounding due to Changes in Secular Trends
Given the span of time across which surgeries were performed between the studies, outcomes may have been affected by changes in medical therapy for AS patients, which may alter the natural history of the disease and its manifestations. 
Interpretation of Results
The results of this systematic review do not demonstrate a difference in surgical outcomes when comparing the SmithPetersen osteotomy and the pedicle subtraction osteotomy. This is consistent with much previous research that had been directed at achieving the same aim. 15 Although our results suggest statistical equivalence between OWOs and CWOs with regard to patient-reported outcomes and amount of radiographic correction, there are, nevertheless, several conclusions that may be drawn from this analysis. Technical proficiency in both surgical techniques demands sub-specialized training in spine surgery and substantial operative experience. It may be inferred that in the technically proficient surgeon, either procedure stands a reasonable chance of success if there is a strong indication for surgery and if the patient is carefully selected. Patients with TLKDs secondary to AS should be screened prior to undergoing OWO due to the risk of life-threatening vascular injury resulting from rupture of a calcified aorta. We feel that the incidence of this complication in association with OWO was minimized due to a strong selection bias. It follows that in patients with clinically significant atherosclerosis the CWO may be a more appropriate procedure. The suggestion that OWOs may be more likely to cause serious complications when compared with CWOs is consistent with the views expressed in a structured review of corrective spinal osteotomies in AS patients authored by Van Royen and De Gast (1999).
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Conclusions
In this systematic review of four retrospective studies comparing CWOs and OWOs, which included n ¼ 220 patients (OWO ¼ 114, CWO ¼ 106), no difference in patient-reported outcomes was detected using standard statistical methods. Furthermore, neither procedure demonstrated superiority in terms of amount of correction of TLKD at the time of surgery, or at long-term follow-up. There was some suggestion that estimated blood loss and operative time are greater in the OWO. Otherwise, complication rates were similar between the two experimental groups. The overall level of evidence in this study was low, and it would be of interest to determine if there exists any difference in outcomes between these two surgical techniques after comparing prospectively collected, randomized controlled data, using standardized indices of radiographic measurement.
